To determine the percentage of abstracts presented at the Canadian Association of Radiologists (CAR) annual scientific meetings that go on to publication. Methods: Records of previous CAR meetings from the years 2005-2011 were obtained. An Internet search was performed to determine which abstracts went on to publication. Abstracts were assessed according to exhibit category (Resident Award Papers), educational institution, publishing journal, and time to publication. Results: Of the 402 abstracts presented, 112 (28%) were published. Overall, an average of 37% of Radiologists-In-Training Presentations, 34% of Scientific Exhibits, and 20% of Educational Exhibits went on to publication. The University of British Columbia and University of Ottawa published the largest number of abstracts (66 and 62, respectively) from the years 2005-2011. The University of Montreal had the largest percentage of abstracts published (42%). The range of publishing journals was wide, but the top publisher was the Canadian Association of Radiologists Journal (27%). Eighty-three percent of abstracts were published within 3 years of being presented. Conclusion: In total, 28% of all the abstracts presented at the CAR conferences between 2005 and 2011 were published. Further exploration into the reasons and barriers for abstracts not being published may be a next step in future research.
Knowledge is not simply another commodity. On the contrary. Knowledge is never used up. It increases by diffusion and grows by dispersion.
Daniel J. Boorstin, American historian and professor
Research is a pillar of radiology, which leads to important advances in patient diagnosis, care, and safety. Abstract presentation at scientific meetings is a means of summarizing new research findings to the radiology community. Although the presentation of abstracts is admirable, dissemination of knowledge is best achieved through publication because it allows for critical appraisal, indexing, and wider availability. In addition, because more comprehensive review is undertaken before a study is accepted for publication, publication in a peer-reviewed journal can be considered an indication of the quality of research [1] . It often is assumed that abstracts will eventually go on to journal publication in full manuscript form [2] . However, the publication rate at various major radiologic meetings has been found to vary from only 8.5%-39% [1e5].
The Canadian Association of Radiologists (CAR) annual scientific meetings provide a national forum for the presentation of new research findings in Canada. At these conferences, preliminary or final results of studies are presented as abstracts and presentations. However, the full article publication rate of abstracts presented (and thus wider distribution in journals) has not yet been evaluated. The purpose of this study was to determine the publication rate of abstracts presented at the CAR meetings from 2005-2011, including Resident-in-Training Awards, Scientific Exhibits, and Educational Exhibits. Secondary objectives included determining the publication rates by Canadian university, journals in which abstracts are published, and the time between abstract presentation and publication.
Materials and Methods
Program records of the previous CAR meetings from 2005-2011 were retrospectively reviewed. Abstracts from the 3 main exhibit categories, Resident Award Papers, Scientific Exhibits, and Educational Exhibits, were the focus of the review, although Proffered Papers and Audit Projects also were reviewed. An Internet search for corresponding full articles was performed to determine which abstracts went on to publication. The Internet search included the PubMed database (www.ncbi.nlm.nih.gov/PubMed/) and Google Scholar (Google Inc, Mountain View, CA) (www.scholar.google.com), and a search of the university institution Web sites. Potential articles were initially sought on PubMed by using key title words and phrases. If no corresponding publication was found, then this was followed by a search by author on the PubMed database. Each author was searched consecutively by substituting a different author each time if the previous author did not have an associated publication. All the authors listed in the abstract were sought. If this did not reveal any articles, then a Google Scholar search was performed, again first by using key title words and phrases, and then another full search by author. Finally, if Google Scholar also yielded negative results, then the Web sites of Canadian university programs were searched for publication listings. This review was carried out over a 4-week period in July of 2012.
When articles were identified, concordance between the abstract and the article was verified, and authors, university institution, journal, and date of publication were noted. From these data, overall rates of publication were calculated. The main outcome measurements analysed were frequency of publication each conference year, publication rate by Canadian school, and time from abstract presentation to publication.
Results

Total Publication Rate and Publication Rate by Exhibit Category
A total of 402 abstracts from 2005-2011 were analysed. Of the 402 abstracts presented, 112 (28%) were published as full articles. When analysed by the main exhibit categories, it was found that 37% of Radiologists-in-Training Presentations (39/106), 34% of Scientific Exhibits (34/100), and 20% of Educational Exhibits (34/170) went to journal publication ( Table 1 ). The complete results, including Proferred Papers and Audit Projects, are listed in Table 1 .
Publication Rate by School
Abstracts originated from 15 different Canadian universities as well as other international universities. It was found that the University of British Columbia, University of Ottawa, University of Alberta, University of Saskatchewan, and University of Toronto presented the largest number of abstracts (66, 62, 35, 32, and 31, respectively) from 2005-2011 ( Figure 1 ). However, the University of Montreal, University of Toronto, University of British Columbia, and University of Western Ontario (Western University) had the greatest proportion of abstracts published (42%, 39%, 38%, and 38%, respectively) ( Figure 1 ).
Top Publishing Journals
The range of publishing journals was wide. In total there were 48 different publishing journals. The top publisher was the Canadian Association of Radiologists Journal (CARJ), which contained 27% of the conference abstracts that went on to publication (Table 2 ). This was followed by the Journal of Vascular and Interventional Radiology; American Journal of Roentgenology; Journal of Computer Assisted Tomography, Skeletal Radiology, Radiology; and RadioGraphics, in total, comprised another 29% of publications ( Table 2 ). The other 44% of published abstracts were distributed in a variety of other journals ( Table 2) .
Time to Publication
Eighty-three percent of publications were within 3 years of being presented. This included 30% published within the first year, 27% published 1 year later, and 26% published 2 years later; 16% were published 3 or more years later ( Figure 2 ).
Discussion
In total, 28% of all the abstracts presented at the CAR conferences between 2005 and 2011 went on to journal publication. To put this into context, the publication rates at other radiologic meetings included 33% at the 1993 and 1995 Radiological Society of North America Scientific Assemblies [2, 3] , 39% at the 2000 European Congress of Radiology conference [4] , 29% at the Royal Australian and New Zealand College of Radiologists conferences between 1996 and 1999 [1] , and 8.5% at the 1996 Journees Francaises de Radiologie (French Radiology Congress) in Paris [5] . From these studies, it is evident that, although a considerable amount of radiologic research are presented as abstracts at conferences and meetings, a much smaller proportion goes on to subsequent publication. The publication rate from the CAR annual scientific meeting appears to be within the range of publication rates from other major radiologic meetings.
The CAR conference publication rate is influenced by exhibit type, with 37% of Resident Abstracts, 34% of Scientific Abstracts, and only 20% of Education Abstracts going on to publication. One potential reason for the lower publication rate of Education Exhibits is that they often contain case reports or case series, and are less likely to be hypothesis driven. Also, Educational Exhibits may be meant as primarily didactic in purpose and never intended for publication. Finally, journals may be increasingly moving away from publishing educational case reports due to space limitations. For example, the Resident Corner Cases were restricted in the CARJ in 2010 to make more space for original research [6] .
Also of note is that 27% of abstracts were published in 1 journal, the CARJ. This is unsurprising because the CARJ, the official journal of the Canadian Association of Radiologists, considers itself the voice of Canadian radiology [7] . Finally, we found that 83% of abstracts that went to publication were published within 3 years of presentation at the CAR meetings. Previous studies that reviewed other radiologic meetings also have found that the vast majority of abstracts are published within 3 years of abstract presentation [1e3].
The reasons for abstracts not being published are likely multifactorial, with possibilities, including time constraints, lack of space in journals, not surviving the peer-review process, and studies still being ongoing [2, 4] . Results of several studies showed that the most common reason cited by investigators for failing to publish abstracts is lack of time [8e13]. It is clear that preparing a manuscript requires a significant investment in time and effort. Shortage of time for research activities is a factor that may have particular relevance to radiology, a career in which there is a large amount of information to master and often a heavy workload. This may be especially true for residents because, anecdotally, many residents doing research typically finish data collection closer to the end of their residency program, when efforts are also put into examination preparation. As clinical workloads and examination complexity continue to increase for radiologists [14e16], there may be less time available for scholarly activity.
There is evidence to show that an increased workload may have a negative impact on radiologists' academic productivity. Taylor [17] evaluated the effect of changes in clinical volume on scholarly activities in 1 academic pediatric radiology department from 1995-2000. Over the 6-year period, it was found that the number of clinical examinations per fulltime radiologist increased by 17% (P < .05) and work complexity (measured in work relative value units) increased by 46% (P < .02). During that same period, the number of peer-reviewed publications per radiologist decreased by 69% (P < .01). A case study by Levitt [18] involved surveying 12 academic radiology and radiation oncology departments. He found that departments that had medium-to-high managed care penetration reported more dissatisfaction in their ability to remain active in education and research goals. Eschelman et al [19] also observed that, in 1 university radiology department, there was an inverse relationship between 2005  17  7  41  10  26  6  23  20  2006  16  5  31  11  9  2  22  7  21  2  10  19  2007  17  5  29  12  13  7  54  6  19  5  26  14  2008  16  4  25  12  14  5  36  9  25  10  40  15  2009  16  8  50  8  11  4  36  7  32  7  22  25  2010  15  9  60  6  12  4  33  8  37  7 increased clinical productivity and individual academic productivity (the number of published peer-reviewed articles and presentations). These findings all support the idea that increases in the clinical workload may negatively impact a radiologist's research output. Combined with a lack of financial reimbursement for time devoted to scholarly activities [17, 19] , reduced time for research may be 1 of the most important limiting factors for publication for radiologists.
Results of a number of studies also showed that abstracts are less likely to be published if the results are considered negative rather than positive or if the findings are not significant, a phenomenon known as publication bias [20e22] . Acding to Dickersin [23] , publication bias is a tendency on the part of investigators or editors to selectively publish study results on the basis of the direction or strength of the study findings. In Dickersin's meta-analysis, there was found to be a positive association between ''significant'' study results and publication (odds ratio 2.88 [95% confidence interval, 2.13-3.90]), a relationship that was even stronger when the analysis was restricted to controlled trials (odds ratio 6.15 [95% confidence interval, 2.24-16.92]) [21] . Surprisingly, publication bias seems to originate primarily with investigators rather than from journal editors. For example, in one investigation by Dickersin et al [22] , of the studies which were not published, only a very small minority (6 of 124) were reported to have been rejected for publication. Results of other studies also have shown that failure to publish is primarily investigator based and not due to editorial decisions [8, 9, 12] . Perhaps many researchers do not submit their findings for publication because they believe that the results are ''not interesting'' [8] . Publication bias has important implications for evidence-based decision making because failing to publish results that are not statistically Figure 1 . A comparison of the total number of abstracts presented with the total number of abstracts published for each university. This figure is available in colour online at http://carjonline.org/. 2  47  15  32  32  11  3  27  8  57  12  21  45  49  17  35  32  55  19  35  36  59  19  32  40  64  20  31  44  11  0  11  71  10  14  61  15  5  33  10  11  0  0  11  402  112  28  290   Table 1 (Continued) significant affects the validity of meta-analyses and prevents complete dissemination of knowledge. The presence of publication bias was not specifically evaluated in this study, but further study could be performed to evaluate if abstracts with positive or negative results tend to have higher publication rates. Study quality may be another factor. Some studies do not survive the peer-review process of a journal even if they have been accepted for presentation at a conference. Although details on research methodology in a short abstract are limited at best, significant flaws may be exposed on further full article review [2] . For this reason, Eck [24] warns clinicians to take caution in altering their current practice based on results of abstract presentations, stating that ''Attendees of all scientific meetings should critically review the information presented with the understanding that the data [are] often preliminary and [have] not yet sustained the rigors of the peer-review process.'' However, Eck [24] also believes that conferences remain valuable to the medical community, which allows for the sharing of ideas among colleagues, something that is not possible by reading a journal article alone.
Type of abstract
Sprague et al [13] surveyed investigators who did not submit abstracts for publication after having presented them at a national orthopaedic conference. The investigators were asked to indicate reasons why they had not submitted a manuscript for publication. Overall, 46.5% indicated that they lacked sufficient time for research activities, 31% reported that the study was still in progress, 19.7% believed the responsibility for writing the manuscript belonged to someone else, and 16.9% reported that difficulties with coinvestigators who would not participate impeded the completion of the manuscript. Another 12.7% responded that pursuit of publication was a low priority. From this study, Sprague et al [13] concluded that there are 3 main potential reasons why investigators fail to publish abstracts as full papers. First, they do not have enough time to prepare a manuscript (this was the reason most frequently given). Second, almost one-third of the studies were still ongoing. Third, relationships among investigators can sometimes create a barrier to publication.
Some study limitations should be noted. One limitation of this study is that some abstracts may have been published after this literature search was completed or still have yet to be published. Given that this study was completed in July of 2012, this is especially true for the 2011 abstracts. This is supported by the finding that publication rates in 2011 were lower compared with the other years (a total publication rate In addition, publications that were not indexed in the PubMed database, Google Scholar, or the university institution Web site may have been missed and, therefore, were considered unpublished. Finally, use of the English language search may have resulted in exclusion of article titles that were published in other languages, for example, French. This is especially relevant for Laval University and the University of Montreal. All of these factors may have potentially led to an underestimation of the publication rate.
Conclusion
Final publication of research results makes the results accessible to the entire medical community, which has potentially much higher impact than simply sharing results at a conference. Overall publication rates from abstracts presented at CAR conferences were between 20% and 37%, depending upon the abstract categories, with the majority published in the CARJ. This is within the range of publication rates from other major radiologic conferences. The exact reasons why abstracts were not published are beyond the scope of this review, but this may be an interesting subject for future research.
